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Abstract. Leaf recognition and retrieval plays an important role in plant recog-
nition and retrieval and its key issue lies in whether selected features are stable 
and have good ability to discriminate different kinds of leaves. From the view 
of plant leaf morphology, domain-related visual features and semantic features 
of plant leaf are analyzed and extracted first. Then these features are translated 
into a hierarchy that is easily represented by XML. On such a basis, the leaf im-
age retrieval system proposed in this paper provides two types of retrieval 
methods, which could give better precision and flexibility. Experiment results 
prove the effectiveness of selected features and performance superiority of the 
leaf image retrieval system. 
1   Introduction 
The recognition of plant has great significance to explore genetic relationship of plant. 
However it is a very time consuming task People expect to fulfill the recognition of 
plant automatically or semi-automatically by computers [1]. 
As an important organ of plants, recognition of leaves is an important step for plant 
recognition and most of related work focuses on it [2, 3, 4, 5]. The problem of the 
above methods lies in the simplicity of the description of leaf feature and the lack of 
representation of domain-related features of leaves. 
The key issue of leaf image retrieval, same as that of plant recognition, is whether 
extracted features are stable and can distinguish individual leaves. Following this 
idea, visual features and semantic features are extracted first in this paper to represent 
leaves. And the visual features include features of shape, margin, and vein of leaf im-
age; Then these features are translated into a hierarchy that is easily and naturally rep-
resented by XML; The proposed system in this paper provides two types of image re-
trieval methods. The prototype of retrieval system has been implemented and the 
architecture of leaf image retrieval system is described as Fig. 1. 
The rest part of the paper is organized as follows. Leaf image features, including do-
main-related visual features and semantic features, are analyzed and extracted in Section 
2. In Section 3 leaf image features are presented by XML and two types of retrieval 
method in leaf image retrieval system are described. In Section 4, experimental results 
and discussions are presented. In Section 5, conclusions and further work are given. 
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Fig. 1. Architecture of Leaf Image Retrieval System 
2   Extraction of Leaf Image Features 
Combined with the morphology characteristic of leaves, several domain-related visual 
features and semantic features are analyzed and extracted in the following. 
2.1   Domain-Related Visual Features 





solidityShape =  , (1) 
where, 1S  is the internal area connecting the valley points of leaf dents; 2S  is the ex-
ternal area connecting the top points. 
Moment invariants: Classical shape representation uses a set of moments which are 
invariant to translation, rotation, and scale. This paper adopts moment invariants as 
shape describer. Please refer to ref. [6] for the detailed formula. 





coarsenessMargin =  , (2) 
where, P  is the perimeter of leaf contour, and 'P  is the length of internal border.  
In reference [4], modality of leaf venation can be extracted accurately by trained 
neural network. Based on this work, further features are extracted to present the leaf 
vein. 
Ramification: The number of ramification of the main vein can be used to measure 





onramificatiVein =_  , (3) 
where, il  is the length of main vein, and ifc  is the number of ramification. 
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Camber: Camber expresses the degree of crook of main vein. },...,,{ 10 ntttT =  
represents a main vein, and 1−it , it , 1+it  are the three continuing points. Supposing the 
positions of 1−it  and it are determined, 1+it  may have seven directions If 1−it , it  and 
1+it  are located in a line, the main vein has no turning at the point of 1+it . Otherwise, 
vein has turning at the point of 1+it  [7,8].  







camberVein T  , (4) 
where Trn  is the number of turning of main vein. 
2.2   Leaf Semantics 
To describe the information of leaf image more accurately, text is also adopted to de-
scribe such information as plant name, specie, the collection time, region and so on. 
Through text descriptions, users can query images based on standard Boolean queries. 
3   XML Hierarchical Representation and Leaf Image Retrieval 
XML and its associated technologies open new avenues of electronic communications 
between people and machines. One of the main advantages of XML is that XML for-
mat is hierarchical rather than relational which is used in traditional relational data-
base. After the features have been extracted for leaf images, XML files will be gener-
ated to represent the leaf hierarchy.  
The representation of plant leaf features with a standardized XML format can be 
parsed and searched by any of the standard XML tools. The searching and comparing 
of XML files is far superior to HTML in that more context information can be used 
thus providing far more focused search results. 
There are two main image retrieval methods: text-based image retrieval and con-
tent-based image retrieval. To meet the different needs of users, the proposed system 
provides these two retrieval methods. 
Text-based Image Retrieval: The XML files can be easily loaded into database by 
utilizing the XML tools for large-scale leaf retrieval, thus applying the flexibility and 
power provided by SQL and PL/SQL. Text-based image retrieval allows users to post 
their queries either simply using keywords or using a form of natural languages [9]. 
Queries are analyzed and executed automatically. When queries match results, the 
system will return and automatically transform the retrieval results into the form suit-
able for the various user environments, such as web browser or mobile browser, using 
XSLT. In an advanced search, the query is expected to take longer to execute due to 
the number of extra conditions included in the query, but on the other hand it allows a 
better accuracy of the search. 
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Content-based Image Retrieval: Users gather leaf images of unknown plant by digi-
tal camera, and input them into the leaf image retrieval system with portable devices 
such as PDA and notebook PC. Visual features of the query image are extracted and 
represented by XML. And the visual features are compared with those of all leaf im-
ages in the XML file by computing the similarity with Euclidean distance between the 
features. The existing leaf images are ranked and chosen by the values of the distance. 
The system automatically transforms the retrieval results into the form suitable for the 
various user environments. 
4   Experiments and Results 
4.1   Validity Evaluation of Visual Features 
To examine the validity of leaf visual features, neural network is adopted to conduct 
the task of leaf recognition. The selected neural network has 3 layers, input layer with 
11 nodes, hidden layer with 25 nodes and output layer with 6 nodes. Back propaga-
tion algorithm is used to train the neural network [10,11]. And minimize the error be-
tween real output and expect output by adjusting the weight of connections. 
We collected six kinds of plant leaf images, and there are thirty images in each 
category. These images are separated into the training set and the test set respectively 
with the ratio of 6:4. The experiment results in Table 1 demonstrate the recognition 
performance is improved after trained with different size of training set and validate 
the high ability of extracted visual features to distinguish different kinds of leaves. 
Table 1. Recognition Performance of Visual Features with Different Size of Training Set 
Recognition Accuracy Rate (%) Plant Species 
54 (50%) 108 (100%) 
P1 89.6% 92.4% 
P2 92.6% 93.8% 
P3 88.1% 89.7% 
P4 90.3% 94.5% 
P5 93.2% 96.6% 
P6 94.5% 95.7% 
4.2   Experiment of Leaf Image Retrieval 
The prototype system has been implemented based on Web with JAVA. The image 
database contains 4500 leaf images. Experiment results demonstrate that the retrieval 
methods presented in this paper can achieve retrieval results that are similar to the re-
sults from human visual perception. 
5   Conclusions 
In this paper, from the view of plant morphology, domain-related visual features and 
semantic features of plant leaf are analyzed and extracted. Features are conveniently 
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and naturally organized by the XML hierarchy. The leaf image retrieval system pro-
posed in this paper provides two types of retrieval methods, which could give better 
precision and flexibility. From the experimental results, it is shown that the perform-
ance of our methods is advantageous. 
Our future work will focus on: 1) the extraction of plant leaf from the images with 
complex background consisting of various objects; 2) the study on XML representa-
tion of leaf images for visual data miming. 
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